BelMiDak-Rust-Resistant (RR)
BelMiDak-Rust-Resistant (RR) -1,-2,-3, -4, -5, -6, -7, -8, and -9 are the first rustresistant navy dry bean (Phaseolus vulgaris L.) germplasm lines that are homozygous for resistance to all 65 available races of the bean rust pathogen, Uromyces appendiculatus (Pers.)Unger var. appendiculatus [U.phaseoli (Reben) Wint.]. BelMiDak-RR-l through -9 derived comprehensive rust resistance from U.S. Dept. of Agriculture plant introduction (PI) 181996.
All nine BelMiDak-RR lines produce the typical small white seeds of the navy class of dry beans with type II growth habit. The erect, narrow profile and short vine type II growth habit (Centro International de Agricultural Tropical classification; van Schoonhoven and Pastor-CotTales, 1987) are desirable characteristics for improved yield and harvest efficiency that have recently been introduced into navybeans.'C-20','Mayflower', and 'Norstar' navy beans, parents of the BelMiDak lines, were among the first type II navy bean cultivars to be released (Grafton et al., 1993; Kelly et al., 1984 Kelly et al., , 1989 .
Bean rust is an epidemic disease problem in many areas of the world (Stavely and Pastor-Corrales, 1989) . Devastating epidemics have occurred in Michigan, North Dakota, and other dry bean production areas of the United States east of the Rocky Mountains (Kelly, 1982; Schwartz, 1984; Venette and Jones, 1982 collections from bean production areas in North, South, and Central America and Africa, Europe, and Asia have yielded 65 races of the pathogen that have been purified, described, and maintained in liquid nitrogen storage at the Molecular Plant Pathology Laboratory. These races include the only defined races that are virulent on several of the more broadly rust-resistant beans (Mmbaga and Stavely, 1988; Stavely, 1984; Stavely and Batra, 1991; .
Sources of rust resistance
PI 181996, the major source of rust resistance in these releases, was among four of 1081 P. vulgaris PIs that showed nonsegregating resistance to all available races of U. appendiculatus in 1987 (Stavely, 1988) . It has been resistant to all races obtained by the Molecular Plant Pathology Laboratory since then and in all of the other places where it has been tested. Its resistance to most races is expressed as tiny, faint chlorotic spots; 15 races have such spots with tiny, spot-dating uredinia.Thisresistanceis controlled by tightly linked, single dominant genes (Stavely, 1990) .
BelMiDak-RR-1, -2, -8, and -9 are homozygous, and BelMiDak-RR-7 is heterogeneous for a second, independent, rust-resistance gene, Up-2 (Christ and Groth, 1982) . These lines are the first dry beans to contain the Up-2 gene. It is present in many bush snap bean cultivars, where it causes a distinct, hypersensitive, necrotic spot ≤1.0 mm in diameter and no sporulation with U. appendiculatus races 40,44, 48-5 1,54, 62-66, 69-71, 73-76, 78, 81, 82, 85, 86 , and Taiwan-2. The Up-2 gene was transferred from 'Early Gallatin' snap bean, through the cross of 'C-20' with 'Early Gallatin' and four backcrosses with 'C-20' at the Molecular Plant Pathology Laboratory to produce the unreleased line Bel 4-5753. In 1988, Bel 4-5753 was selected for phenotypic similarity to 'C-20' from among 87 related lines in Michigan. When present in plants of the BelMiDak navy lines, this gene has responded to infection from all of the races for which it is effective by forming a tiny, faint chlorotic spot.
To facilitate selection for the Up-2 gene in dry beans, a polymerase chain reaction-random amplified polymorphic DNA (PCR-RAPD) marker tightly linked to Up-2 was identified recently using primer OA141 1100 (Miklas et al., 1993) . The PCR-RAPD technique that uses oligonucleotide primer 0A14 1100 has been used at the Molecular Plant Pathology Laboratory since its discovery to facilitate analysis for Up-2 presence in these BelMiDak lines.
Origin
BelMiDak-RR-l through -9 were developed by pedigree and backcross breeding. The objective was to combine resistance to all available races of U. appendiculatus into type II growth habit germplasm lines adapted for Michigan and North Dakota. These lines also would have desirable yield, seed, and maturity characteristics for navy dry beans. Additional objectives were to obtain earlier maturity than 'C-20' and 'Mayflower', incorporate the Up-2 rust-resistance gene, and include the I gene for bean common mosaic virus (BCMV) resistance.
Progeny from all crosses, backcrosses, and selfs were selected for rust resistance in each generation after inoculation with eight to 12 keyraces of U. appendiculatus (Stavely, 1983) . The nine released lines have the same initial pedigree (bottom of Fig. 1 ). North Dakota navy bean breeding line NX-040, an early maturing sib-line of subsequently released 'Norstar' (typeII), was crossed with PI181996. The resulting F 1 plants were crossed with 'Mayflower' to produce F 1 plants that were ancestral parents (F 1 -P) of all of the lines being released. Navy cultivars or lines were used as female parents in both of these and all subsequent crosses. Across and backcross of 'Mayflower' with anF 1 -Pplantproduced BelMiDak-RR-4. The rest of the BelMiDak lines are descended from a second F 1 parental plant (F 1 -P2) derived from crossing Bel 4-5753 with art F 1 -P plant. A backcross of Bel 4-5753 with F 1 -P2 produced BelMiDak-RR-7. A cross of NX-040 with F 1 -P2producedBelMiDak-RR-5 and -6, and a cross of 'Mayflower' with F 1 -P2 produced BelMiDak-RR-1, -2, and -3. Crosses of 'Norstar' with BelMiDak-RR-l and of 'Mayflower' with BelMiDak-RR-2 produced BelMiDak-RR-8 and -9, respectively. After the final cross, progeny were selected for rust resistance and advanced to the F 3 generation to identify homozygosity for rust resistance. In 1990 and 1992, F 4 progeny rows from each of 366 and 191, respectively, of these homozygous rust-resistant F 3 plants were field-planted in East Lansing ( 1990) and Saginaw (1992) , Mich., in mid-June. In 1990 and 1992, F 4 progeny rows from each of 289 and 214, respectively, were field-planted in late May in Barrington (1990) and Arthur (1992) , N.D. The lines were evaluated for horticultural-agronotic characteristics and rust resistance in August and September in both states. The released lines have been evaluated for horticultural-agronomic characteristics and rust resistance in Maryland, Michigan, and North Dakota in one or more years since their initial selection.
Description
Resistance of the BelMiDak lines to the 65 races of U. appendiculatus maintained and tested on the lines at the Molecular Plant Pathology Laboratory is generally similar to that of PI 181996 (Stavely, 1988 (Stavely, , 1990 ; J. R. S., unpublished). However, in these navy bean lines, infection with some races advances slightly beyond the stage reached inPI181996. For 12 of the races, the chlorotic spot reaction of PI 181996 develops to the tiny uredinium stage (Fig. 2) , which is still a visible and effective resistant reaction (Stavely and Pastor-Corrales, 1989) . PCR-RAPD analysis with primerOA14 1100 revealedthatBelMiDak-RR-1, -2, -8, -9, and some plants of BelMiDak-RR-7 carry Up-2, but BelMiDak-RR-3, -4,-5, and -6 do not. The presence of Up -2 was also evaluated in F 2 populations from crosses of the BelMiDak lines with rust-susceptible cultivars. Segregation for the pertinent races in populations of ≥70 plants fit one of two ratios: 12 tiny, faint chlorotic spots :3 distinct necrotic spots ≥1.0 mm in diameter : 1 large, susceptible-type uredinia (when Up-2 was present) or 3 necrotic or faint chlorotic spots or tiny uredinia <0.3 mm in diameter :1 large, susceptible-type uredinia (when Up -2 was absent).
We also found that the presence of Up -2 with PI 181996 resistance inhibits infection by those races against which it is effective, so that only the tiny, faint chlorotic reaction and no uredinia are produced. Thus, navy bean plants containing Up -2 and the independent resistance from PI 181996 limit infections by races 44, 50, 62, 64, 66, 73, 78, 85 , and 86 more than infection is limited in PI 181996 without Up-2, in which these races produce tiny uredinia (Fig. 2) . Lines BelMiDak-RR-5 through-9 are homozygous for the Z gene for resistance to BCMV, and line -3 is heterogeneous for it. Lines -8 and -9 were the first lines to be released that contained homozygosity for the PI 181996 linkage group of the rust resistance genes, Up -2, and I. Lines-8 and-9 also contain a recessive gene for BCMV resistance, either bc-1 or bc-1 2 , that is homozygousin line -8 and heterogeneous in line -9. The bc-1 or bc-12 alleles provide partial protection of Z against necrotic strains of BCMV.
The plant and seed traits of all nine BelMiDak-RR lines were within the range for type II navy beans when compared with 'Mayflower' and 'Norstar' in Maryland and Michigan in 1992 and 1993. Plant heights, from the base of the plant to the highest pod, were taller than 'Norstar' (average 37 cm), with BelMiDak-RR-4 and -5 being the tallest (average 50 cm). All nine lines were similar to 'Mayflower' in plant erectness and had their pods well distributed up the plant. The pods of all nine lines were attached higher on the plant than on 'Norstar', but the pods on BelMiDalc-RR-9 were attached lower than on the other lines. Also, BelMiDak-RR-9 consistently had the earliest maturity, which was comparable to that of 'Norstar' and ≈5 days earlier than that of 'Mayflower'. The other released lines matured at the same time (BelMiDak-RR-1) or ≤3 days earlier (BelMiDa-RR-4and-7) than 'Mayflower'. Average seed weights over 2 years varied from 17.0 (BelMiDak-RR-1) to 23.8 (BelMiDak-RR-7) g/100 seeds. BelMiDak-RR-1 consistently had the smallest and BelMiDalc-RR-7 consistently had the largest seeds. Seeds of 'Mayflower' and 'Norstar' averaged 19.4 and 17.7 g/100, respectively. The seeds of -1, -2, -8, and -9 were nearly spherical like those of 'Norstar', and those of the other lines were slightly oval like those of 'Mayflower'.
Availability
A limited quantity of seed of BelMiDak-RR-I through -9 is available from J.R.S.
